Abstract-The purpose of this study is to evaluate the accessory pathway in the Wolff-Parkinson-White (WPW) syndrome. We measured magnetocardiograms (MCGs) for normal subjects and patients with the WPW syndrome using SQUID magnetometer. It is generally difficult to estimate the accessory pathway by visualization of the current-density distribution (VCDD) because the VCDD has a wide range. Independent component analysis (ICA) is a useful method for separating independent signals from overlapping signals. The source estimation of the accessory pathway was done by the VCDD using ICA. The effect of the accessory pathway was extracted by ICA, and the activity of the accessory pathway was accurately estimated. ICA was able to extract the effect of the accessory pathway. It is confirmed that ICA is a useful method to estimate the VCDD of MCG with WPW syndrome patients.
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I. INTRODUCTION
M AGNETOCARDIOGRAM (MCG) measurement is useful to estimate the heart activity, and the localization of the MCG is better than that of the electrocardiogram (ECG). Recently, the clinical application of the MCG is expected. In the Wolff-Parkinson-White (WPW) syndrome, the existence of the accessory pathway often caused paroxysmal atrial tachycardia. The activity of the accessory pathway is measured as a delta wave (the signal of delta shape before the R wave) of the MCG. Recent therapeutic advance in cardiology, such as interventional procedures using catheters, has been adopted for an ablation of accessory pathways [1] . On this occasion, preoperative evaluation of the accessory pathway is needed for shortening of the treatment and reducing the burden on the patient. There are some MCG studies of the WPW syndrome in source estimation [2] and modeling of the WPW syndrome [3] . It is generally difficult to separate of the accessory pathway and normal conduction system by visualization of the current-density distribution (VCDD) because the VCDD has a wide range [4] - [6] . Independent component analysis (ICA) is a useful method to separate independent signals from overlapping signals.
In this paper, we measured MCG of normal subjects and WPW syndrome patients. The source estimation of the accessory pathway was done by the VCDD using ICA.
II. METHOD
MCGs of normal subjects and WPW syndrome patients were measured by SQUID magnetometer. Standard 12-lead ECGs were also measured. The MCGs were measured in 48 positions in the 4-cm interval. A bandpass filter was used in the range of 0.1-80 Hz. All magnetic data were averaged for about 150 times at each position. The reference signal for averaging was the R wave of the ECG (lead II).
First, principal component analysis (PCA) was applied to the MCG as preprocessing. The components of under 0.1% contribution ratio were cut down in order to contract the data. This Table I ).
threshold was experientially decided from the noise level of the system. Second, ICA was performed to some dominant components. The parameters of ICA were decided the minimum method of the cross correlation [7] , [8] . In order to extract the activity of the accessory pathway, the component of which the correlation was the highest for the ECG waveform of the normal subject, was removed. The waveform was reconstituted from the remaining components. Finally, the VCDD was calculated using reconstituted data.
The reason we compared the ECG waveform of the normal subject and the ICA waveform of the WPW syndrome patient is shown in the following. The comparison of the MCG waveform of the normal subject and the ICA waveform of the WPW syndrome patient is desirable, but the MCG waveform differs greatly from the measuring position. It is difficult to decide which waveform may be utilized. On the other hand, the ECG waveform (read II) of the normal subject resembles very well. Therefore, the ECG is effective as a comparative waveform. Fig. 1 shows an example of the MCG waveforms recorded from the WPW syndrome patient. In these waveforms, the delta wave that is features of a WPW syndrome exists. Table I shows the contribution ratio (%) of PCA with the two WPW syndrome patients and a normal subject. The components of under 0.1% contribution ratio (both WPW1 and WPW2) were the sixth component or less, so these components were cut down. ICA was performed to fifth dominant components. Fig. 2 shows the MCG waveforms (ICA1-ICA5) separated by the ICA of the WPW syndrome patient. The ICA4 waveform is similar to the waveform of the normal subject. Fig. 3 shows the ICA4 waveform and the ECG waveform of the normal subject. The correlation coefficient from the P wave to the S wave (100-320 ms) is 0.80. In order to extract the effect of the accessory pathway, the ICA4 waveform that was similar to the waveform of the normal subject was removed, and the reconstruction with the MCG waveform (ICA1235) was done using ICA1, ICA2, ICA3, and ICA5. Fig. 4 shows the reconstituted MCG waveforms (ICA1235) of the WPW syndrome patient. We can see that the effect of the accessory pathway is being extracted by ICA. the current density of this plane is the highest. The VCDDs show the time in which the delta wave exists. The axis and axis show the measuring point. The strength of the current density is shown in the intensity. The white part has shown the place with the high strength. The triangular mark has shown the direction of the current density.
III. RESULTS
In both Fig. 5 (a) and (b) at 160 ms, the current density exists for the center of D2, D3, E2, and E4. In Fig. 5(a) at 180 ms, the current density exists for the wide range between D2 and E6. The position of the maximum current density is between D4 and D5. On the other hand, in Fig. 5 (b) at 180 ms, the current density has been localized at the center of D2, D3, E2, and E4, and between D5 and E6.
In Fig. 5 (a) at 220 ms, the current density exists for the wide range between D4 and E6, and the position of the current density is moved from the position at 180 ms. In Fig. 5(b) at 220 ms, the current density has been localized between D5 and E6, and the position of the current density is the same position at180 ms.
The effect of the accessory pathway is extracted by ICA and the VCDD is localized.
IV. DISCUSSION
The activity of the accessory pathway of a WPW syndrome patient has been localized in the time domain of the delta wave [9] , [10] . In comparison with the original signal, the VCDD was localized by ICA. Then, the current density existed for the same position for longer time. This result indicates that the effect of the accessory pathway was extracted by ICA, and the activity of the accessory pathway was more accurately estimated. This method is expected for clinical applications.
V. CONCLUSION
We measured the MCG of normal subjects and WPW syndrome patients. In order to analyze the accessory pathway of a WPW syndrome patient, the VCDD by ICA was done. ICA was able to extract the effect of the accessory pathway. The activity of the accessory pathway was more accurately estimated. These findings demonstrated that the VCDD by ICA were valuable for the analysis of the heart activity.
